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INTRODUCTION 

In order to waluate the pl-ysiological performance of protective garments and t o  
detennine their temperature range of utility a predictive model can b2 applied, k e d  
onman's energy balance (1). As an i n p t  this ideluses  the resultant t k d  and m- 
ter vapr resistance of the clothing vwm. Cmsequently, the accuracy of the prediction 
depends on the precision of W e  g-t resistances. For their detemjmtion %e have 
develop3 an evaluation techrique using a mable  thermal d k i n  ("Charlie") ;nrd a 
meating hot plate (Skin Wel) (1, 2).  

Exever, in a recent publication (3) the validity of OUT evalwtim method has 
been doubted, argueing w i t h  water vapr resistance vales determined with a mnikin 
swat- by mans of a cotton knit "skin" sprayed with water t o  simulate skin saturated 
with swat. These values are abut 60% Mgkr canpared to the results of OUT evaluation 
technique. In th is  paper results of war tc ia ls  with subjects with 2 gammt ensembles 
are presented which are in good agreezent w i t h  the physiological performance of the clc- 
thing predicted by om walwtion r d d ,  prmring its validity. 

Ihe resultant t hml  resistance R, of the garment ensemble is directly measured 
with the electrically kited s e c t i d  manikin *lie, distinguishing k m  a value 
R (1) for the manikin standing and a valw R (3) for tbe manikin rmving Wch includes 
tfie pnrping effect (2). mcm these R 4 u e s  the t- resistance R~~ intrinsic to 
the fabric mubinations in the ensemble f m e d  separately with the dry Skin Wel) 
is  subtracted, yielding the effective t h e d  insulation Rcr, of the air layers within 
the gaEent ensemble and &ring to its outer surface (1). 

the equivalent wter vapr resistance Rd 
of tbese air hyers is ca lch td .  ~g & the intrinsic waprative resistance R 
of the ensemble's fabric ccmbinations masurd w i t h  the swating skin ~ o d e l  the rea$ 
fant water vapor resistances Re(l) d Re(3) of the clothing are gained w i t h  the m r e r  
either standing or moving, respectivdy. 

Ihe resultant Rc- and Re-vales, t b  determined, are used in a themphysiologi- 
cal model (1, 2) predictkg the ensemble's range of utility, limited by a mininnm an- 
bient temprature T at  which the w e r  is just not feeling tw cold, and a tn;orimcm 
ambient tapratme* at  h i c h  he is just not suffering frm hyp-tbemia. Vice ver 
sa, with a given clim%?and activity condition, as an indication for tk warer-s phy- 
siological strain, the model predicts his skin and rectal temperature, heart rate and 
microclimate h d d i t y  as w d l  as his subjective canfort sensation. 

By a basic physical relation out of R 
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EESULTS 

k clothing ensembles (shorts and s p r t s ~ ;  jeans and shirt) lave kern tes- 
ted in controlled w a r  n i a l s  with 4 sabjects in a climatic chamber @om& under 
warm dinate conditions near tke ensembles+ uppr Limit of the rauge of utility with ne- 
d i m  and h q  plzgsical activity. Sensors on the wbjects' bdy registad relevmt plq- 
siological data out of vl6ch the effective t h e d  and water vapor resistance of the 
garments could be determined. edditionally the test persons' subjective ccmfoic 
tian was registerd by d t i- s t e p  scale votes. 

All t k s e  data collected in the war aials m e  in d o s e  agrement with the r e  
%dl 

as of our predictive mcdel applied. are given in Figures 1 and 2 .  In contrast 
tk plblisl-ed data frun the mnikin swating with a water-sprayed cotton skin (3)  l a r g e  
1y disagreed with the results from tk rn t r i a l s .  

d t s  of OUT evalvatjkln t e c w  with the mnikin "cbarlie" ad the %in Wel as 

The B b t e k  measurenent and evalmticm techique with the movable t k m d  nd-  
kin "Qmlie" and tk swamhg %in M @dds the them& ad water vapor resistance 
of a garment ensemble as t k y  are ef€ective in use. with these clothing data applied in 
a predtctive d tk physiological peaonnanCe of protective gaaaents and their wars- 
bmty in specific dimate and activity conditions can k determined in good agretzmnt 
with practical results. 
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